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Indium. Method of chemical and spectral
analysis for the determination of tin

OKCTY 1709

JlaTa Beenenna 01.07.83

HacTosiiumnit craHnapt ycraHaBlIMBaeT XMMHKO-CIIEKTPAIbHBI METOL ONMpeNeNeHUs] 0JioBa B MHIMU
npu MaccoBoii noje osiosa ot 1-10—3 1o 5- 104 %.
(U3menennan penakuus, Mam. Ne 1).

1. OBINME TPEBOBAHUS

1.1. O6wue TpebGoBanusa K Metony aHanu3a no N'OCT 22306 u TOCT 12645.0.
1.2. Tpebosanus 6e3onacHocty — no ['OCT 12645.0.

1.1, 1.2. (A3menennas penakumus, Mam. Ne 1).

1.3. (Mckmouen, Uam. Ne 1).

Pasn. 2. (Mckmouen, Uam. Ne 1).

3. AIINTAPATYPA, PEAKTUBBI 1 MATEPHUAJIBI

Cnextporpad andpaxkumonHsrit Tna JMC-8 ¢ pewetkoit 600 1wTp/MM, NEPBHIN MOPAIOK, TPEXJIHH-
30Basi CUCTEMA OCBEILIEHUS LLIEJIN.

I'eneparop nyru nepemenHoro toka tvna [1C-39, AI'-2 uiu UBC-28.

Hcroununk nocrosiHHOro Toka, obecneyuBarOMit HanpsixeHue He mexee 200 B 1 cuny Toka He MeHee
20 A

MukpodoTomeTp, NpeaHa3HAYEHHBIN Ul U3MEPEHUS NNOYEPHEHUH CNEKTPAIbHbIX JMHUI.

Cnektponpoektop tuna I1C-18.

Becbl aHanuTHYeckue, NO3BOSIOILME B3BELIMBATDL C MOIPELIHOCTBIO He 6osee 0,0002 r.

Beckl TopcnonHble Tuna BT, nossonsiolme B3BeUIMBATh ¢ MOrpelIHOCTBIO He Gosee 0,001 r.

Bokcbl M3 opraHUyeckoro crexia.

Jlamna undpakpacHas mo6oro Tuna ¢ 1abopaTopHbIM aBToTpaHcdopMaTopoM Tvra [THO-250—2.

CraHoK /UI 3aTOYKHM YroJibHbIX aekTponos Tuna KIT-35 uau moboro apyroro Tvmna.

[TnuTka anekTpuyeckas HarpeBaTebHas.

[Nocyna kBapueBasi U CTeKJISIHHasK (CTaKaHbl, KOJIGbI, IeJUTEIbHbIE BOPOHKHU U T.4.) o TOCT 19908.

Crynka U3 opraHMyeckoro CTeKJa C [ECTUKOM.

[Teup MydenbHas, no3Boasiiollas noyyaTh Temneparypy o 500 °C.

DJeKTPO/Ibl YrolbHble 0COOOH YUCTOThI, ANAMETPOM 6 MM C pa3MepoM KpaTepa 4x4. KoHTpateKTponsl
Yro/bHbI€, ONMH KOHELl KOTOPBIX 3aTOYEH HA yCEYEHHBIH KOHYC ¢ Mioluaakoi guamerpoM 1,5—2.0 MM.

Mnauit metanndeckuit Mapku MH000 unu Mu000y o FOCT 10297.

OnoBo mo N'OCT 860.

H3nanue oduunansHoe Iepeneuarka BocnpeineHa

*
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Bona muctwuinposanHas o FOCT 6709, meperHaHHast B KBapLIEBOM alnapare Wid OYMLICHHAsA Ha
HOHHU3ALHOHHON KOJOHKE.

Kucnora cepnas no 'OCT 4204, pa3basneHHas 1:3.

Kucnora azotHas mapkd OC.Y. 19—4 no I'OCT 11125.

Kucnora xnopHas.

Harpuit tionucteiit mo FOCT 8422.

Benson no 'OCT 5955.

Ammuak BoaHbii mo FOCT 24147.

Kucnora wasenesas mo FTOCT 22180.

@DOTOMIACTHHKY «crekTporpaduyeckue» Tuna HT-2CB, NTPC-02, [TPC-03.

PactBop unaust 100 r/am3: HaBecKy uHaust Maccoii 2,500 r pacteopsiioT B 12,5 cM? a30THO KUCTOTHI
[IpH HATPEBAHHH, OXTAKAAIOT U ITEPEBOIAT B MEPHYIO KOJIGY BMECTUMOCTBIO 25 CM3.

PacTBop osoBa 1 r/aM3: HaBecKy TOHKOM3Mesb4eHHOro onoBa Maccoi 0,100 r pacTsopsiioT B 2 cM?
a30THoUM kuciotel. Ilocne pacTBOpeHMs1 00Ba B CTakaH nobasisiior 20 cM3 Boabi M 4,000 r wasesnesoit
KUCJIOTBI. PacTBOp NMepeHocsT B MepHYIO KoJ16y BMecTUMOcThio 100 cM3. CTakaH HECKOJBKO pa3 OOMbIBAIOT
BOJIO¥ JUIS TIOJTHOTO PACTBOPEHMS LLABEJIEBO# KUCIOTBI. [IpOMBIBHBIE BOIBI CIMBAIOT B TY X€ MEPHYIO KOJIOY
Y JOBOIAT 10 METKY BOIOM.

[IpuMeuyaHnmne. [JomyckaeTcs NpUMEHEHHE NPUOOPOB ¢ (POTOINEKTPUYECKON DPErUCTpallMell CreKTpoB M

APYTMX CTIEKTPalbHBIX NpPUOOPOB, IPYTHX PEakTHBOB M MaTepHasioB, 0GeCreyMBAIOWIMX [ONy4EHHE MoKasarenew
TOYHOCTH, He YCTYMAIOLIKUX perjiaMeHTHPOBaHHBIM HAaCTOSALIMM CTAHAApTOM.

Pazn. 3. (M3amenennas penakums, Mam. Ne 1, 2).

4. TTIOATOTOBKA K AHATTU3Y

4.1. Obpa3ub cpaBHEHHUH

OCHOBO# [UISl TIPUTOTOBJIEHUS 0Opa3LioB CPaBHEHUSI CIYXHT OKCHI MHAMSA: METAUIMYECKHI WHIKHA
mapok MH000 win UHO000y pacTBOPSIIOT NpY HarpeBaHMHU B a30THOM KMCJIOTE, PAaCTBOP BbINIAPHUBAIOT A0CYXa
¥ CYXOil OCTAaTOK IMPOKAIMBAIOT CHayajia Ha 3JIEKTPOIVIMTKE, a 3aTeM B My(e/IbHOM MeyH MpH TeMriepatype
400—500 °C o mpeKpalleHHUs BblIeNeHHs MapoB oKcuaoB asorta (30—40 mun). Cnenyet obpatuth ocoboe
BHHMAHME Ha TOJHOTY yJaJeHUs] OKCHIOB a30Ta, TaK KaK MX NPUCYTCTBHE B OCHOBE YBeJIWYHBAeT PoOH B
CIIEKTpe, YTO MCKAXAEeT pe3y/ibTaThl aHaKu3a. ColepXaHHe 0JI0BA B OCHOBE OMPENEISIOT 110 METONY 100ABOK
M 3aTeM BBOAAT ITOMPABKY B 00pa3Lbl CPABHEHMSI.

4.2. OcHoBHO# obpasel, ¢ MaccoBoit qoneit ojosa 0,03 % (B pacuere Ha MHAMHA METALIMYECKHIA)
FOTOBSIT HAaKaMbIBAHHEM 3 cM> pacTBopa 0Ji0Ba B ocHOBY (12,1 r okcuna uHaus). O6pa3ell BbICYIIMBAIOT
Ha 3JeKTpOILIMTKE U B MydenbHoit meun npu 300 °C, nepeTHpaioT B CTYNKE M, MPH HEOOXOOUMOCTH,
AHATU3UPYIOT XHMHUYECKUM MM aTOMHO-a6COPOUMOHHBIM METONAMH, NEPETUPAIOT B CTYIIKE.

[TyreM pa3baBieHUS OCHOBHOTO M BHOBb IIPUTOTOBIEHHBIX 006pa3yOB OCHOBOH IONMYYAIOT CepHio
pabouux o6pa3lioB CpaBHEHHS, MAacCOBas IOJS OJIOBA B KOTOPBIX NpUBENeHa B TabauLIE.

T

Howmep Maccosas aons KonuyectBo pa3bamiseMoro KonnuecTBo oCHOBBI, HeobxoauMoe As
obpasiia onosa, % obpa3ua pa3basiieHHUs
1 5.10—3 2,000 ocHoBHoOro obpasua 10,000
2 1-10—3 3,000 o6pa3ua Ne | 12,000
3 3,3-10—4 3,500 obpa3zua Ne 2 v 7,000
4 1-10—4 1,000 o6pasua Ne 1 ' 9,000
4.1, 4.2. (A3menennas penaxuus, Ham. Ne 1, 2).

5. IPOBEJEHHME AHAJIN3A

5.1. HaBecky MeTaJutnueckoro HHaust Maccoit 1,000 r noMeiuaor B cTakaH BMecTMMOcTbio 100 cm3
¥ PacTBOPSIOT MO YacOBLIM CTEKJIOM Ipu HarpeBaHud B 20 cM? pactBopa cepHoit kucnothl (1:3). Ilpu
BbINIAPMBAHUM PACTBOpPA CJIEAYyeT MO KalUIaM Ho6aBisith BOLY, He NOMycKasi BbimaaeHus cofeit. Pactsop
oxnaxnatr 10 30—40 °C, nobGapisioT WIS OKHCAEHUSA ABYXBAJIEATHOIO OJIOBA JO YETbIPEXBAIEHTHOTO
10 cM3 xJIOpHO# KMCJIOTHI, MepeMeluyBaloT ¥ nobapasior 20 r itonucroro Hatpus. Ilociae nosaHoro
PacTBOpEHHUST HOAUCTOrO HATPHUSI PACTBOP NMEPEHOCAT B JE/NUTENbHYIO BOPOHKY M BCTPSIXMBAIOT B TEYEHUE
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1 Mun c 10 cm3 Gensona. Tlocne paccioeHus, oB6MbIB ropno BOpoHKH 1—2 cM? 6eH3ona, OTAENSIOT
HEOPraHUYecKy:o ¢asy, a OpraHUYECKyIO Yepe3 ropsio BOPOHKH CTMBAIOT B KBapleBbIii TUTeJIb BMECTHMOC-
0 50 cM3. BopoHKy 06MbIBalOT OeH3onoM, ciuBast ero B ToT xe Trenb. Tyna xe no6asnsior 1 cm3
PacTBopa MHANSA W MOMELLAIOT Mo MHGPAKPaCHYIO aMITy JUIst OTTOHKM 6eH3ona npu 50—60 °C B TeyeHue
30—40 MuH B GOKCE M3 OPraHMYeCKOro CTEKIIa.

3aTeM 0JIOBO COOCAXNANOT C TMAPOOKUCHIO MHIAMS HOBABIEHUEM K PacTBOPY a30THOKHCJIOTO MHOUS
AMMHaKa 1o KarisiM 110 cHbHoro 3anaxa (20 kanenb), o6MbIBasi CTEHKM THIVIS M TIIATENBHO MOMELLHBAS
TTOYHEHHYIO KalMLy KBapUEBOH Nanouykoii. [lomyyeHHBINH rMAPOKCHI NOACYIIMBAIOT MO JIAMIION U 3aTeM
MpoKaTMBaOT B MydeabHo! meun npu 350—400 °C. Tlocjie MPOKATKM OKCHI MHIHS pa3gaBauBalOT
KBapLEBbIM MECTUKOM 10 MEJNKOH KPYNKH W MEpenaloT Ha crieKTporpaduyeckuii aHamus. O6oraimeHue
BENYT U3 IBYX HaBecOK. OIHOBPEMEHHO BENYT KOHTPOJIBbHBIIL OIBIT [UIs ITPOBEPKH YHUCTOTHI HCMOIb3yEMbIX
peaktuBoB. [lig 3TOro B crakaH BMmecTUMOCTbIO 100 cM3 momeruaior 0,1 r MeTaIHYeCKOro MHOUS C
maccoBoif noseit onoba MeHee 1-10—5 %. PacTBOPSIIOT ero Mo YACOBBLIM CTEKIOM IIpy HarpeBaHuy B 20 cMm3
pacTBopa cepHo# Kucnotsl (1:3) u nanee mocTynaroT Tak Xe, KaK npu o6oralieHu npob6hbl.

(U3menennas penakuus, Mam. Ne 1).

5.2. O6pasubl CpaBHEHHS U MOJYYEHHbIH KOHULEHTPAT 110 45 MT NMOMELIAIOT B YIJTy6leHHE YTONbHOIO
3NeKTpoaa (aHooa) [UaMeTPOM U IIYOUHOM 4 MM M CXMHIaloT B Iyre MOCTOSTHHOTO TOKa cwioll 15 A B
TeyeHue 3 MUH (10 Bbiropanus). CnekTpsl ¢oTorpacdupyioT mpu nomowu AMGpPaKLKUOHHOTO crniektporpaga
A®PC-8 B nepsom nopsinke Ha GHOTOIUIACTUHKAX THITOB [PC-02, NMPC-03, HT-2CB. Illupuna wenu
cnextporpada 0,020 MM, paccTostHHe Mexay 37MeKTpogaMu OT 2,5 mo 3,0 MM IDONIXHO COXpaHSATHCA
MOCTOSIHHBIM B TeY€HHUE BCEN 3KCMO3ULIMM.

Ha c¢oronnactunky o6pasusl cpaBHeHus ¢dotorpadupyioT NMo Tpu pa3a, KaxKablit MOTY4EHHBII
KOHLIEHTPAT 1o IBa pasa.

(U3menennas penaxkuus, Usm. Ne 2).

6. OBPABOTKA PE3YJIbTATOB

6.1. Ha crnektporpamme ¢ momolisio MHKPO(OTOMETPa U3MEPSIOT MOYEPHEHHME JHHUU OJIOBA C
IUTMHOM BOJIHBI 283,99 HM M 6HM3nexalero ¢doHa. )

I'panyvpoBoyHble rpadMKu CTPOSIT B KOOPAHHATAX AS—IgC, roe AS=S"+¢——S¢ (Sy+¢ — MOYEpHEHHE
JIMHUHM osioBa U ¢oHa, SQ) — noyepHeHHe (PoHa crpaBa oT JuHUK); C — MaccoBas MO/ OJI0BA B oGpa3suax
cpaBHeHust, %. [ToyepHeHus TMHUM 010Ba M (POHA TOIKHBI OBITH B 06J1aCTH HOPMAJILHBIX NTOYEepHEHUH.

[lo rpaayupoBouHoMy rpaduky Haxomar MaccoBYIO IOJII0 ONIOBA B KOHLIEHTpaTe aHAIU3UpyeMOil
npobbl U KOHTPOJILHOM OMbITE.

Maccosyio nonio osoBa B uHAMM (X) B NPOLEHTAX BBIYUCISIOT 110 dopmyne

yo (6-C)-100
m b

rae C; — MaccoBasi 10JIst O10Ba B KOHIIEHTpaTe NpoObl, HAlleHHas N0 TPaXYHPOBOYHOMY Irpaduky, %:;
C, — MaccoBast 105t 0J10Ba B KOHTPOJIbHOM ONbITE, HaliIeHHAs 110 rPanyMpOBOYHOMY rpaduKy, %;
m — Macca HaBeCKW UHIMS, B3STOM [UIS aHANTU3A, MT;
100 — macca nonyyeHHOro KOHLEHTpaTa, MT.

BocnponssoanmocTs pesynbTaToB aHaNKM3a OQHOM U TOI Xe npoObl XapakTepU3yeTCst OTHOCUTENb-
HBIM CDENHMM KBalpaTHYECKMM OTKNOHEeHHeM paBHbIM 0,13. [ToBTOpsIEeMOCTD pe3ybTaToB napasueib-
HBIX ONpPENENEHNH XapaKTePU3YETCsl OTHOCHUTEIbHBIM CPeaHUM KBaJpaTUYECKUM OTKIIOHEHHEM PaBHBIM
0,11.

3a pe3ynbTaT aHaIM3a MPUHMMAIOT CpelHee apU(METHYECKOE PE3YNIBTATOB YEThIPEX MApaLIeNbHbIX
OMNpeNEIeHH, MONYyYEHHBIX HA OOHON (POTOILTACTUHKE.

(Msmenennan penakuus, Usm. Ne 1, 2).

6.2. Pa3sHOCTb MeXay HauGONBLIUM M HAUMEHBLIMM U3 YETBIPEX Pe3yJIbTaTOB Mapa/UIebHBIX OMpe-
HENEHUH C NOBEPUTENbHON BeposTHOCTbIO P=0,95 He m0MXKHA NIPEBLILIATL 3HAYEHUS NOMYCKAeMOro
PacXOXIEeHHUs! d,, PACCYUTAHHOTO Mo hopMmyJie d,=0,4 Xx,, rae X, — cpenHee apudMeTHYECKOE YeThipex
COMOCTABNIAEMBIX PE3YJIbTATOB MAPAJUIEbHBIX ONpeNeNeHUI.

PazHocTb Mexay 6GMbILIUM ¥ MEHBLIUM U3 ABYX pE3y/IbTATOB aHAIM3a C JOBEPUTEILHOM BEPOSTHOC-
Tb10 P=0,95 He 10/IXHA NPeBBIILATh 3HAYEHUS AOTyCKaeMOro pacXoXAeHHUs d,, PACCUMTAHHOTO 110 GopMyIie
d,=0,4 x,, rae x, — cpeaHee apudmeTHUECKOE ABYX COTIOCTAaBJISIEMBIX PE3Y/bTATOB aHAH3A.

(Mamenennas peaaxkumna, Uam. Ne 1).

6.3. (Mckmoyen, Uam. Ne 1).
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NHO®OPMAIIUOHHBIE JAHHBIE

1. PA3PABOTAH U BHECEH Munncrepcrsom usetHoii Merawtyprun CCCP

PASPABOTYNKH

A.T1 Cobryes, JI.K. Jlapuna, H.C. beaenkosa

2. YTBEPXJIEH U BBEJIEH B JTEVICTBUE Hocranosnennem Tocynapcrsennoro komurera CCCP no

crangapram or 7.04.82 r. Ne 1459

Hamenenne Ne 2 npunsTo MexrocynapcTeenHbiM COBETOM MO CTAHIAPTH3ALMH, METPOJIOTHH H CepTHRH-
kauyu 15.03.94 (oryer Texuuyeckoro cexperapuara Ne 1)

3a npUHATHE TPOTOJOCOBAH:

HaumeHoBaHHMe rocynapcTba

HaumeHoBaHKe HaLMOHANBHOrO opraHa
CTaHOapTHU3aLKN

Pecniybnuka AsepbailiokaH
Pecnybanka benopyccus
Pecnybnnka KazaxcraH
Pecnybauka Monzaosa
Poccuiickas Penepauns
TypxkMmeHUCTaH
Pecniybnnka Y3bekucraH
YxpaunHa

AasrocctaHaapTt

Toccranaapt benopyccun

Toccrannapr Pecnybnukn Kasaxcran
MonnoBacranaapt

Toccrannapr Poccuun

I'naBHast rocynapcTBeHHas MHCIEKUMA TypKMeHHCTaHa
Y3roccraHaapT

ToccraHgapT YKpaHHbI

3. CCbI/IOYHBIE HOPMATUBHO-TEXHUYECKHE JOKYMEHTbBI

0O603naueHe HT]], Ha xoTopbIi
JlaHa CChUTKA

HomMep pa3snena, nyHxTa,
MOANYHKTa

TOCT 860—75
TOCT 4204—-77
TOCT 5955—75
FOCT 670972
[OCT 8422-76
FOCT 10297—94
roCT 11125—84
FOCT 12645.0—83
FOCT 19908—90
FOCT 22180—76
TOCT 22306—77
TOCT 24147—80

Pasn. 3
»
»

»
»
»
»

2
Pasn. 3
»

1.1; 1
1.

1
Pasn. 3

4. OrpaHHuyenHe CPOKA ACHCTBHSA CHATO no mpoTokoxy Ne 3—93 MexrocynapcTsestoro Coserta no cTaniap-
TH3allHH, MeTpojorau 1 ceprudukaunn (MYC 5-6—93)

5. IEPEU3JIAHME (sauBapp 1998 r.) ¢ Uamenenusamu Ne 1, 2, yrBepkaennsiMH B nexabpe 1987 r., uione

1996 r. (MYC 3—88, 9—-96)
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